Raised intra-abdominal pressure may cause renal impairment in the absence of haemodynamic disturbance. I Bladder pressure measurement is a simple method of quantifying intra-abdominal pressure and has been used as a guide to the need for operative decompression. 2 We report a case of pelvic trauma in which measurement of intraabdominal pressure guided the decision for decompression. Evacuation of a retroperitoneal haematoma resulted in the reversal of oliguria and restoration of renal function.
There was no evidence of neurological or chest trauma.
Insertion of a transurethral urinary catheter revealed macroscopic haematuria.
X-rays demonstrated fractures of the right superior and inferior pubic rami of the pelvis, distal left radius and ulnar and left neck of femur. Intravenous pyelogram showed normal renal outlines, pelvocalyceal systems and ureters. A retrograde cystogram demonstrated rupture of the urethra and superior displacement of the bladder by retroperitoneal haematoma.
The patient was transferred to the operating theatre after initial resuscitation with four units of whole blood, two units of packed red cells and two litres of colloid solution. Laparotomy revealed a large retroperitoneal haematoma with no visceral injuries. The urethra was ruptured and the bladder displaced high into the abdomen by the haematoma. The urethra was repaired and suprapubic and transurethral bladder catheters were placed. The urethral catheter was maintained on traction to restore bladder neck continuity.
Open reduction and debridement of the left wrist and insertion of a Denham pin to the left tibia were also performed.
During the procedure the patient was transfused with four units of packed red blood Anaesthesia and Intensire Care. Va!. 16, A'o. 4. Norember. 1988 cells, and 2.5 litres of colloid. The blood pressure was greater than 120 mmHg systolic throughout. Urine output was not able to be measured because of extravasation of urine and the use of irrigation solutions.
Postoperatively the patient was transferred to the Intensive Care Unit. Over the following fifteen hours he required continuing transfusion and volume replacement (a further thirteen units of packed red cells, nine units of fresh frozen plasma, two litres of colloid and one litre of crystalloid) which maintained a systolic blood pressure of greater than 120 mmHg, central venous presssure (CVP) of 6 cm H20 (measured from the angle of Louis with the patient sitting at 30°, our normal range being + 2 to -2 cm H20) and a urine output of 30 mllhour. Examination of the abdomen showed the lower abdominal mass to be increasing in size. Echogram of the abdomen showed a large right-sided pelvic haematoma and normal renal outlines. Tachycardia with a pulse rate of 120 beats per minute and poor peripheral perfusion persisted. Because of clinical evidence of major continuing blood loss, angiography was performed which showed extravasation of contrast from the right internal iliac system. Gelfoam embolisation was performed and repeat angiograms showed obliteration of the bleeding point.
Following embolisation there was no further increase in abdominal distension. Blood pressure was stable at 150 mmHg systolic, CVP 6 cm H20, and peripheral perfusion improved to normal. Haemoglobin was stable at 11.4 gldl without further transfusion. However, oliguria persisted (3Ilg/kg/min) and further volume replacement to a CVP of 9 cm H20) failed to reverse the oliguria. Intra-abdominal pressure was measured (vide infra) at 32 cm H20 (25 mmHg), a level sufficient to cause renal impairment. The 50 ml of normal saline instilled for the pressure reading drained via the catheter immediately after the measurement, indicating catheter competence and excluding extravasation which may have distorted the reading.
On this basis a second laparotomy was performed. For the procedure a relaxant! narcotic technique was used. Two units of packed blood cells and colloid 500 ml were infused. The blood pressure remained greater than 150 mmHg and the CVP ranged from + 6 to + 9 cm H20 (patient supine) during the procedure. A retroperitoneal haematoma of 4.5 litres was evacuated. No major bleeding site was demonstrated.
After decompression there was an immediate diuresis peaking at 450 mllhour and the serum creatinine fell (Table 1) . Intraabdominal pressure fell to 16 cm of water (12 mmHg). The patient went on to make a good recovery from the pelvic trauma. The continued oliguria following embolisation and cessation of haemorrhage was initially thought to be due to prerenal factors. However, there was no response to volume expansion, dopamine and mannitol, in the presence of adequate blood pressure, central venous pressure and peripheral perfusion. An elevated intra-abdominal pressure was demonstrated and renal function rapidly improved following decompression.
Decompression of retroperitoneal haematoma is regarded as a hazardous procedure due to the difficulty in securing haemostasis with thin-walled pelvic veins and removal of the tamponading effect of the intact peritoneum. In this case arteriography and embolisation played a major role in stopping haemorrhage and allowed opening of the retroperitoneum for decompression. Successful evacuation of a large haematoma was then achieved without bleeding difficulties. It is recommended that angiography be performed early in the investigation of blunt pelvic trauma associated with major blood loss.3-5 Severe pelvic disruption may occur without vascular injury, and less severe bony injury as in this case can be associated with major vascular damage. 4 Arteriorgraphy allows accurate location of the bleeding vessel and allows therapeutic embolisation or guidance of surgical ligation.
Elevated intra-abdominal pressure causes a number of cardiorespiratory disturbances including reduced systemic blood flow and increased ventilatory pressures. 6 In this case the effects on renal function were particularly relevant.
Animal studies show that intra-abdominal pressures above 20 mmHg cause graded reduction in glomerular filtration rate and renal blood flow. 1.6 These parameters may be reduced to 25% of normal at 20 mmHg and anuria may occur at higher levels of intraabdominal pressure.
The aetiology of these findings has been found to be multifactorial. Potential mechanisms are summarised in Table 1 and include direct renal effects and indirect effects via reduction in cardiac output or release of humoral factors. Experimentally, decreased cardiac output occurs as a result of decreased preload and increased afterload. Preload decrease is due to reduction of venous return by inferior vena cava obstruction and afterload is increased via increased systemic vascular resistance by compression of the abdominal aorta and splanchnic vascular bed.
These cardiovascular changes are accentuated by hypovolaemia and overcome by volume loading. They return towards normal after the raised intra-abdominal pressure is released. 1,7-11 Elevation of plasma antidiuretic hormone (ADH) levels to more than twice basal levels have been found in dogs associated with these events. 12 Renal artery blood flow is reduced to a much greater extent than cardiac output, superior mesenteric artery or coeliac artery blood flow. 8 Raising intra-abdominal pressure by inflation of intraperitoneal balloons to 20 mmHg elevated renal vascular resistance by greater than 500% compared with an elevation of systemic vascular resistance by 30%. Even with restoration of cardiac output by extra volume loading, renal dysfunction persists, presumably via the local effects of increased renovasculature resistance, renal vein compression and shunting of blood from renal cortex to medulla. In the canine model anuria may develop at 40 mmHg. I Ureteral compression has been excluded as a major cause of renal dysfunction in this setting as urine flow is unchanged by the presence or absence of ureteric stents.1. 13 Hence renal dysfunction in raised intra-abdominal pressure is multifactorial and occurs as a graded responses once the pressure rises above 20 mmHg. Quantification of intra-abdominal pressure in the clinical setting is possible by measuring intravesical pressure. In our Intensive Care Unit we use the method described by Kron, Harman et al. 2 (Figure 2) with an indwelling' transurethral urinary catheter and a CVP water manometer. It is a simple, minimally invasive test which can be repeated as required. A T-piece connector (Figure 3) is added between the urinary catheter and the drainage bag in all our critically ill patients with potentially elevated intra-abdominal pressure. A water manometer is screwed into the luer lock. This closed system which stays in place reduces the risk of introduction of contaminated fluid into the bladder. With the distal drainage system clamped, saline 50 ml is instilled into the bladder. The three-way tap on the CVP set is then turned so that the water column is in continuity with the bladder.
With the patient supine, zero point is the top of the symphysis pubis and the height of the water column above this point is the measured intra-abdominal pressure in cm of H20 (= mmHg X 1.3). A respiratory swing may be seen. The bladder acts as a passive diaphragm at volumes of 50-100 ml and intravesical pressure has been demonstrated to correspond to intra-abdominal pressure over the range of 0-70 mmHg. 2 ,14 A neurogenic bladder (e.g, chronic spinal cord injury) or small contracted bladder (e.g. following radiotherapy) may render the measurement invalid, and rectal or vaginal pressure readings as in urodynamic studies could be substituted.
Normal mean intra-abdominal pressure is zero to subatmospheric, Postoperative intraabdominal pressure of up to 1 5 mmHg without renal impairment may occur. 2 After the report by Kron and Harman et at., 2 measurement of intra-abdominal pressure is performed regularly in our I CU. It has become a useful method of quantifying abdominal distension, assessing the contribution of raised pressure to renal impairment, and contributes to the surgical assessment of the patient with regard to the need for surgical decompression. Few examples have appeared in the literature. IS This case of pelvic trauma demonstrates a significant elevation of intraabdominal pressure and the temporal relationship between abdominal decompression and improvement of renal impairment.
The list of drugs which can trigger malignant hyperpyrexial reactions is well known and includes the volatile anaesthetic agents, the depolarising muscle relaxants and many others. Emotional stress, exercise and viral infections have also been shown to be involved in causing malignant hyperpyrexia. U In this case report, the safe use of propofol (2,6,diisopropylphenol) during cardiopulmonary bypass in a patient susceptible to malignant hyperpyrexia IS described.
CASE REPORT
A 41-year-old, 87 kg male with ischaemic heart disease presented for a single graft to the right coronary artery. Cardiac catheterisation had shown an occluded right coronary artery with reasonable left ventricular function (ejection fraction greater than 50%). Three years previously he had undergone an Accepted for publication April 26. 1988 operation for a cerebellar haemangioblastoma. Following suxamethonium and halothane, he developed ventricular tachycardia, multifocal ventricular extrasystoles, hypercarbia despite hyperventilation and hyperkalaemia. On this basis, a diagnosis of MH was made and confirmed by positive halothane and caffeine contracture tests.
Before induction of anaesthesia the usual precautionary measures for dealing with hyperpyrexial reactions were taken. Ice and cooled intravenous fluids were available. The patient was placed on a cooling blanket and dantrolene, verapamil, sodium bicarbonate 8.4%, dextrose 50% and actrapid insulin were all available for use.
A vapour-free anaesthetic machine with a new circuit was used in the anaesthetic room, and in the theatre a vapour-free Siemens-Elema Servo 900 B ventilator was used. The oxygenator used was a Dideco-Hiflex bubble oxygenator with disposable fittings. A vapouriser was not included in the circuit.
The patient's ECG was monitored and a left radial artery cannula was inserted to measure blood pressure and sample arterial blood. A
